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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium secondary battery restraining a 
short circuit caused by a generation of dendrite from a negative electrode, having 
a high energy density, and providing an excellent charging/discharging 
characteristic. 

SOLUTION: A lithium secondary battery has an electrolyte layer, a positive 
electrode, and a negative electrode made of a material containing lithium. The 
electrolyte layer is made of an inorganic solid electrolyte, and the positive 
electrode contains an organic macromolecules. The electrolyte layer preferably 
contains at least one type selected from a group comprising oxygen, sulfur, 
nitrogen, sulfide, and oxynitride. The conductivity of lithium ion of organic 
electrolyte of the positive electrode is preferably lower than that of the inorganic 
solid electrolyte of the electrolyte layer. 
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\Z&^T, MfcoTllffi<7>U^A-<>v^A^£<D 

COTEM (Transmission Electron Microscope) 3?tC«fc£> 
ftJsfcteLiaNT, -t©ff*«fi100*> 

[0 0 7 3] d<DKf^U&«»©^tt«»tt«:»«b 
fco -tOlg*, 3fe^mJE^4. 2V<hbT, 200raASf«<ti^ 
^«8K«IH£*5^TtK 3. OV^THJE^fiT-r^STCOS 
«tt0.49Ah(7>^7BS) ^iB^fflSr^Ufc. £fc> X* 
)V*-mmt* 400WhC7y h«r)/l OJs/HWTfco 

/to s^tc* c<7)^i;^#TioooiHi(7)it'i'^;u5 ! c^^ 

[0 0 7 4] (^JfiW2-1) ^20/xmT100ramX50mmcO 
6 ff***10/imTlRli;*-f X©U 



[0.0 7 5] liWtftStWf 4 'J A-f *>£*ttft 
^©SflgOJ^Kte, Li 2 S-S1S2 ©S-&*fc^— y 

Bt**J«Lfc. »*tt10/£mT»r). EP 
MA (Electron Probe Mi croAna lyzer) »#r©ISI, 
JWt*T, Li : Si : S=0. 42 : 0. 13 : 0. 45T*<5C£j&* 

[0076] ^^^^-r^ i J^^A-r^->fe^tt{b: 

fi*fift6«©ilBo±i:ssi:» L13PO4 

V \Z IT, ***H»+fclT»rtLfc^ ^coiP^^l 

[0 0 7 7 ] E©ft«*.fctf«*MB**«*fc:T, 6 

^&it^dM<Omi^ ^>{c;^tt£l5:<h A^ffiiT^lir'iS CI <tfe 
[0 0 7 8] x^l/^-W-h (EC) <h^at°l/> 
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17 

vji (pan) &mmmizmm2ittzh<D&ft&isT. lip 

Aco d<7)PAN+II, f£«3Sf<h&£LiCo02)K^> &£Zfm 

Ttem&ztt*'Tz>Ezmm z ?*:ig'£L. Nummary jv 

tLfz. fit, HftlBaS^^S^O^^ci;^ 

[0 0 7 9] ^-Ofg^ 3t@SJE£4. 2V£LT, 100mA 
&m*CcfcO> 3. OV^T^JE^fiTT^^TCD^tt^O. 5A 
h (7>^7P#) T'^ofco $fc, x*;l^-£gte, 4 
90Wh (Vybm /l CJyhJlO T'^-3^:<, 

c: o ib] t; t i o o o tei <d v -f ^ ;i/5fe * m £ ff o £ c: 

[0 0 8 0] (it$£#I2-1) *JS^J2-H-^^T, fi£{fc#/ 

£ -a* f -5 u ^ o a ^- > fcmm t&M <d mm <om^ & 
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m < u *) mm (o&mnnmm &n*^o it. 
[oo8i] mt&m-uz&ifzmmtzimT* mit® 

[0 0 8 2] (*Jfi«2-3) 

[0 0 8 3] *J6«J2-UC*5liT, ■{k****'r*U 
^"T., S + O r«ft»ttj lc45»*O»41000-9-f 



70 



[0 0 8 4] 
[S3] 



flSfl:4Wl©JP£(Min) 
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10 


0.05 
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X 



[0 0 8 5] mmm2-A) Mu-)l>iZ&r)K.m\sT. 

2m<D&m<Dftmzms.izt}:WL&&2. mmzmmmz 
[0086] cin^awtbTSijfiwitaBii^ttT? 

l»II$:Ml,Tii^^fiL, 1mA/cm 2 U'J7> 
fco ^m^fite20mAh/cm 2 (5 U7M7 • P#/¥ 

[0 0 8 7 ] (HJ£^J3-1) JS*20u mT100minX50iDni<D 

umxmcv<ix<Dv^<y&&mm (fia) ^wo^b 



[0 0 8 8] dcr)U5 1 ^A*JS?5±(C, U— 

z/ 3 >miz&Q. Li 2 s-siSz -Li 4 sio 4 <r>m&m*9 

tt, EPMA^W^iK*, ^EJHt^T, Li : Si : 0 : S=0. 4 
2 : 0. 13 : 0. 02 : 0. £ £&t>fr-o fc. 

10~ 3 S/cm (*l:HTHi;) -T?*o&. 
[0 0 8 9] yy{C\±~ U^>^Ey V — , 7ilh-h'J 
LiPFe, LiCo0 2 fiH\ *3cfc^«mtt«(0^^ja^ 

>e*ffi«5 X10- 2 S/cmT^o^o 
[0 0 9 0] SMMI^ML/:UfC7AMa 

UJLT7M7^^- 
[0 0 9 1 ] ^3fe»«1#ttOffffi43J:^7y^HI!i 
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(11) 

19 

[0 0 9 2] t<D^M. a*ftf^03S5»«ft*Ttt. SE 

v-z&m&t&frti&nffiShmcDi&T (8o%) avg,*, 

[0 0 9 3] JEffi+<Bfl&tt»<hLT, LixMnzOi, LixN 

L i BF4 > LiCIOi, LiCFa SOa (TH^niZcfc^T & 20 
[0 0 9 4] (^Jg^J3-2) mfifi»J3-UC^Lfc«»«fiE 
ft*«-r*N, N-y/^MA75 K«Mt (DMF) 

mLtzo zL<nmm*mmistz^mmMm<n*) * 

>&mm*2 X10- 2 $/cmX&-Dfz 0 
[0 0 9 5] ZrtDtSm*. SlllS«3-li|B|«coA»ft» 

[0 0 9 6 ] (HJfi«|3-3) ^MS«l3-1^Ufc«»«j* 

^->eW«tt 5 X10" 4 S/cnfc*TT*«-3fc. 
[0 0 9 7 ] ^©«»03S5*«»tt*5«fctf^7!y^lt» 

TfcUisnfc**, arsfc, 500m *o 

[0 0 9 8] (^«W3-4) H««3-nc^Ufc«»fllfi!6 



*#§|2 000-340257 

«fl¥KO-fe/^ U— * * © 'J ^ Of A *f * >fi*ft« 7 X 1 0 
[0 0 9 9] (%)M3-5) **«13-1T*Ufc«»m 

LfttHtdHbDUf^A^ft^iflElil xio- 3 S/ 
[0 10 0] W>^g<axyirJU&JR 

^hP>X^y^Sl:J;0, Li 2 S. P2S5, Li 3 PO 

^u^^A34PT%, u>i4H^%, -t-tosm^x. 
fc. :©*i©ip$it 800nm w-y*— mm T&o 
[0101] u©Maii0'jf^A>rt>g 

xmz<kK>mfei>fzo 

[0 10 2] SftHtft^LiCoOafi^ ^g^Utt* 

tLTzo f£Wnm<Dm&-mQitmX\ 3. 5mAh UU7> 
^7-P#) /cm 2 MM co^g^g 

T\ tt«S(417. 2mk\\X&-z>tz 0 
[0 10 3] M&-SQX:£lT<DT)Vzi>X7,MmnT. 

tf h(OB^»JjlEt*<lW[t IT 1 ^)V% 

[0 10 4] %&n<DV^ 2 )Vtm\±. 8. 6HA(0£«flE 
3fem4. 2V, tt«3.0V©IHTffofc. ^Oit-T ^ 

[0 10 5] 
»4] 
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4X10"' 


251 



[0106] mmm4-2^mmmA-]Q) nmm-wim 

[0 10 7] (Jt««4-WJt<ft«4-5) JtflgUftiL 
£tz* 781M ^i^g^fcBI^^, «/jN^rt8S 

[0108] si@#i«i©a^j;^t 

\zm 4 \Z7jk-To Jt« 004-2-4-5 feit-f ^ d 
[0 10 9] (*8S0O4-1 1-1186004-1 5) *JfiOT4-1 <h 

ntf, {5jn<D^t), 500-y--r^;i/^^^^T : fortgi5S 

[0 110] 
HE 5] 



20 











4-11 


50nm 


500J£U: 




4-12 


lOOnm 


500 J£U: 


Mi 


4-13 


1. 5/zm 


500 J£Ut 


4-14 


35 am 


500 J^± 




4-15 


50 am 


500 JEU: 




4-6 


20nm 


113 




4-7 


40nm 
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4-8 


60 a m 


500 J^KfiL, mffiWmte 95%) 



[0 111] (tttt«4-6~Jfctt«4-8> 3146004-1 <h HO 

[0 112] (^««4-16-HJfiW4-18) MlfllB»tt« 

[0 113] 
«6] 
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2 mmmommm^mmmmmmz^ 
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[0 114] (Jt«094-9-tt««4-1O) &figB#m» 
SiE««l»©lfllS**lB«4-16— 18itt*AT, ffilffiB 
«4HTKMbfc«»4ra«0««^«»«rttt>«iaEU 

TIL 

[0115] (mmm4-]$~~mm&i4-2Q) 2m<oMmm 



20 [0116] 
[«7] 











4-19 


10nm 


1 ^r^MXftftL 


4-20 


25/zm 


1 ^^(W«ft«IL 




4-11 


5nm 


1 KrlHftl;:, SflM&n, 
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i *am$E<kML 



[0 117] (H:tKM4HWJttKtt4-12) J*««£L 

t, mm^mmmm^2mmm\zvx. mnm-}s~~ 
x. mmmftnmn<D*fKTx<D&mi£&m&isrzo £ 

iTIL 

[0 118] (HJE094-21) tg^'J^'J^ISffi 

jfi/Ste, Li : 39. m^%, P : 0. 31H7>%, B : 16. 0^ 
%, S : 43. 31M^%, 0:1. IfiTP*, flHJ?te2. 5/zflTC* 



[0 119] (2I1S0J4-22) fiS©U?-)A4I$ffi 

mzj&mLfzo *<d'&, *<Dmm±izmmm&mmmm 
m&mrfListz* £<Dnmfim<D&m** Li: 38. v&t 

%. P : 12. 2Jg?%* S : 48. m=?%. 0 : 1. 00^%, 
*M£JM#tt£IH3EL&. tM^MMMa, 17. 2mAtf>^ 
[0 12 0] (HJ£^J4-23) ASO'J^A&JKSffi 

•tzwumm&WLom<£mmz, mtv^v^mzm 
f&istzo *<Dmm±izmwLmftnm&mWk&M 
^ll conmnmvmm*. i\ 42. p:o. 

50 3^T%, Si : 11. 8JM^%> S : 44. 3gT?%, 0 : 1. 3S^ 



25 

mmo-v-i ? jift&zm&istzo ^^)vumt. 17.2 

mA<Z>3£«8B*ftrfirofc^ 500+M ^JVWz^X 
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[0121] 

bubwi infect 5 ic, *nmz*ti\i. 



HStHB] ¥^12$6^ 2 8 0 (2000. 6. 2 
8) 

i^mmjE i ] 

[«jE»*JHB«] 4#§Tfi#<£>$Sa 

^Sft^ftffitSrftASU^^A— ^«»Jc*3tiT, 
INEt)ini^«IB#«iim» S fr 0 , 
MElE«a«#HfflS$HF£$* d £ ft4#m£-f 3 
U^^A— 

2 ] nmnmmsx: iz&wz> y ^a-t 

fcE*©U^A-#«ffi. 

3 ] «#ft jf (D25t: Jc*3 # * U ^ •> A < * > 

ff$« l ke«<0 U f^Ar*ijte e 

ft#tf£ -TSiMfcJgl tCHHK^'J^^Az:* 

[W*^6] LizS, &m.i 2 S£SiS2, Ge 

$2> Ga2S3«fc0^:S»^e»atfnfc^< < !:t)-aii: 

KSfkft*^ Li3P04-xN2x/3, Li 4 Si04-}(N2x/3, Li4GeO 

4-XN2X/3 (0<X<4) &cktfU3B03-xN2X/3 (0<X< 

3) &QfsiZ>mfr*>m&ntc'j>tsi< th-m&zztz 

A: Z0mT%M±65mT%£AT(DL\tfL# 

B:'J>, ^r-f*, *£73|f, y;UV-^7A*3«fc^U^A 

C:-f 

< £ ci^Mit^B^ 7 ke« 



CD'J^^7A-^ffi 0 

i i ] A««»tt*{btt*^rr* u 5^ a 

[|f*^l 2] 2JB*>Sfc*«#»B©«3#2tfm 
lES^J/f <Z)J¥2#0. lMmJ^±2MmJ^TT*££C£ft$$ 

*£-r*ni3»Hi o ke«© y a -^rns&c 

[HtJfcSl 3] ^«fflHttJSft'J^^A»tffife{by-f 

[M£« i 4 ] jE«««^©«»*$«r-r-5 £ £ « 
«F»£-r*at*s 1 otcE^ou^^A-^a*. 

A : 30JgTP% ^±5011^% £TF<BL i 
B: U > 

im$tm i 5 ] mmmm<Dm&&M.&imm<D»fr<D 1 

Xa±50XaTT»*C<S:ft«p«fr4BI*3Bl 0KE 
SEOU^^Az:^*. 

1 6 ] mmmm © jp*#i onm^±25 u mj^r 

T*&Z> %m&mi 0»CE«OU?9A- 

* d t &w@Lt:'?2>m Jitm i tE«© u ^ a-*« 

[ffi^JS 1 8 ] iE«<Z?#«flE»W, #'J7-'J>§ 

«i l:IBi©U^^Ar*i». 

[«f*«19] iE«©«r«i«»W, LiPFG*3«fctfLiC 
F3 S03 CO V^Tn^cD 'J A^ ft IT ^ -5 C £ ft «f 



(15) 



&m2 000-340257 



^Sct o c <h fttt«£-rs»3fta 2 o tcgg^o u 

[§!*«2 2] jE«O*««<»iS^ft«(0>J^^A* 

j: 0 <£T2-&* c: t &&m£?z> m$tm 20c te® 0 u 
[1*3*312 43 mm<D&mmmiei*<DGm&Mf&#& 

[M$9f 2 5 ] IE«(0*m«FK^<0*MiSlKA»3»f 

f^«^a2 o\z$m<p u An&*». 



l»3foB2 OtCfB^CQ'J^^A-^m^o 

-r«5S*JS2_0ICf2tt(OU^^A-^Sf6o 
[»#^2 9 ] ftSoSIIS^ RmaxffiTO. 01CU: 

[§f*s3o] Mm<ommsmm\z. uwa^ 



7o> h^— v<om.^ 

F*-A(##) 5H003 AA02 AA04 BB02 BB03 BC05 
5H014 AA02 EE01 HH01 
5H029 AJ03 AJ05 AJ12 AK16 AL01 

AL12 AM12 DJ09 EJ03 HJ02 

HJ04 HJ20 
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